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(54) METHOD FOR MEASURING ABERRATION OF PROJECTION LENS 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To accurately measure aberration 
by measuring the light intensity of the projection images of (n) 
points with different patterns that exist in an isoplanate region for 
measuring characteristics and solving (n) simultaneous equations 
with (m) weighting coefficients for a known wave front 
aberration function as unknown values. 

SOLUTION: When the characteristics of a projection lens that is 
used for forming a pattern on a substrate by projecting light 
through a mask with a circuit pattern onto the substrate via the 
projection lens for exposure, the light intensity of (n) projection 
images with different patterns that exist in an isoplanate region 
for measuring characteristics on the mask is measured and n 
simultaneous equations with m weighting coefficients for (m) 
known wave front aberration function (m<n) as known values, 
thus accurately obtaining the (m) aberration coefficients. Further, 
the position fluctuation and the like of the pattern on the mask are predicted based on 
characteristics obtained in this manner and are corrected for forming, thus accurately forming the 
circuit pattern. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused, by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the mask used for the 
pattern formation method and this using the manufacturing process of semiconductor integrated 
circuit equipment especially the optical system used for formation of a circuit pattern, and this. 
[0002] 

[Description of the Prior Art] Large-scale-izing and high-performance-izing of a semiconductor 
integrated circuit are progressing by detailed-ization of a circuit pattern. Although the optical 
lithography which carries out projection exposure of the light which passed the mask which has a 
circuit pattern on a substrate through a projection lens is mainly used for formation of a circuit 
pattern, diffraction marginal optical system with wave aberration small enough as the above- 
mentioned projection lens is used in this case. On the other hand, it has come to be required 
comparable as the wavelength of the light used for exposure by detailed-ization in recent years or 
that the circuit pattern of the size not more than it should be formed. Deteriorating in connection 
with it by the wave aberration to which the pattern dimensional accuracy and pattern location 
precision which are imprinted remain on a projection lens has posed a problem. It is difficult to 
produce these wave aberration according to the manufacture error in the incompleteness and the 
manufacturing process of layout of a projection lens, and to be completely referred to as 0. 
However, in order to fulfill the pattern precision demanded in order to obtain the desired device 
engine performance, it is required to offset the effect which high-degree-of-accuracy-izes 
manufacture and adjustment of a projection lens, and fully stops the amount of wave aberration, or 
aberration does by amending the size or location of a mask top pattern. Also in the any, it becomes 
indispensable to measure aberration correctly to the 1st first, and to grasp the property. In recent 
years, especially the effect of comatic aberration is serious among various aberration. Then, in 
order to measure this, various methods as shown below in before are tried. 
[0003] By the lens manufacturing process, measuring wave aberration directly by interference 
measurement is performed to the 1st. However, in the projection lens for semiconductor integrated 
circuit exposure, the measurable interferometer is very expensive and the use is limited extremely. 
[0004] Although the method of presuming comatic aberration by on the other hand measuring a 
location gap using the alignment mark pattern (the so-called box inbox mold) which improved and 
deformed is reported, it is only the effect of the direction in every direction on the 3rd comatic 
aberration which can be measured by this method. About the aberration measuring method using a 
location gap of an alignment mark, it is a proceeding, for example. OBU S PIAH Optical the 
3334th volume It is discussed by the 308th page (Proceedings ofSPEE, Vol.3334, Optical 
Microlithography XI (1998), pp.297-308) from the 297th page in the micro lithography XI and 
(1998). 

[0005] Furthermore, the method using 8 square-shape halftone mask is proposed. By this method, 
the 3rd comatic aberration is presumed from the light exposure to which a side lobe appears 
around [ of the halftone mask which has the opening of eight square shapes ] a opening, its 
asymmetry, and the relation of the 3rd comatic aberration. The 3rd comatic-aberration measuring 
method which used this for "innovation of ULSI lithography technology" and 38 pages (the 
Science forum company **, 1994) further about the halftone phase shift mask is discussed by the 
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collection of the 58th Japan Society of Applied Physics academic lecture meeting lecture drafts, 

the 2nd volume, and the 681st page, for example. 

[0006] 

[Problem(s) to be Solved by the Invention] The wave aberration (below, since it is easy, it is only 
called aberration) made an issue of conventionally was mainly a low degree or the 3rd aberration. 
However, the dimensional accuracy and pattern location precision which are demanded with 
detailed-izing of a circuit pattern become severe, and higher order aberration is becoming a 
problem. That is, an experimental result will not be able to be explained but it will be necessary to 
take into consideration the 5th so-called term of aberration only by the 3rd aberration. For 
example, if it says about the above-mentioned comatic aberration, especially the component that 
has the dependency of 3 theta in the radius vector (angle) direction among the 5th aberration poses 
a problem. 

[0007] however, the former arid the above even if it used which method, it was difficult to 
measure and griasp these high order aberration simple and quantitatively. For this reason, it was 
difficult to acquire the clear indicator over the adjustment method of a projection lens. Moreover, 
the effect affect the circuit pattern of aberration could not be predicted and the cure could not be 
formed, but the function of semiconductor integrated circuit equipment and precision were 
degraded as a result, and it had become the factor which reduces the yield in the manufacture. 
[0008] This invention sets it as the 1st purpose to offer the method of measuring the aberration of 
a projection lens with a sufficient precision using a simple method. The method of measuring the 
3rd comatic aberration [ 5th ] with a sufficient precision quantitatively using the halftone mask 
which has especially polygon opening is offered. Furthermore, this invention sets it as the 2nd 
purpose to form the circuit pattern of a semiconductor integrated circuit with a sufficient precision 
using this. 
[0009] 

[Means for Solving the Problem] The 1st purpose of the above measures optical reinforcement of a 
projection image of n points that patterns which exist in an isoplanertic field which is going to 
measure the abovermentioned property on a mask differ, and solution Lycium chinense attains n 
simultaneous equations which make an unknown a weighting factor of m pieces to m known wave 
aberration functions (m below n) by asking for the above-mentioned aberration coefficient of m 
pieces. A thing of subregion which can be regarded as an aberration property being almost 
equivalent in an exposure field is called an isoplanertic field here. 

[0010] It is convenient if you use optical reinforcement of a side lobe produced on some halftone 
masks as the above-mentioned optical reinforcement here. Namely, an exposure imprint is carried 
out at a resist film which applied on a substrate a halftone mask of an n-tuple which has parallel 
and symmetrical edge of each other by various light exposure through a projection lens, for 
example. Light exposure in which a side-lobe pattern produced in a halftone protection-from-light 
section side of each above-mentioned edge appears is measured. From a ratio of the above- 
mentioned light exposure of n pieces to a symmetrical edge of the above-mentioned n-tuple, 
simultaneous equations of an n-tuple can be asked for an aberration coefficient of m (m below n) 
individual of the above-mentioned projection lens by solution Lycium chinense. 
[001 1] 8 square-shape opening in the halftone partial protection-from-light section is still more 
specifically used as an parallel and symmetrical edge mutually [ an n-tuple ]. The maximum f of 
wave aberration to the above-mentioned direction (theta) is calculated from the ratio r (theta) of 
light exposure to which a side lobe appears in one side to the opposite direction (an angle theta, 
theta=theta 1, theta 2, thetam) of 4 sets of opposite sides of the eight above-mentioned square 
shape, and light exposure to which a side lobe appears also in another side. It can ask for the 
coefficient [ as opposed to the i-th term wave aberration Wi (theta) (i= 1, m) of the above- 
mentioned projection lens for the following simultaneous equations ] ai (i= 1, m) by solution 
Lycium chinense. 

[0012] al Wl (theta) +a2 W2 (theta) + .... +am Wm (theta) = f (theta) (theta=theta 1, theta 2, 

thetam) As aberration, the 3rd comatic aberration [ 5th ] is applicable, for example. 

[0013] Moreover, the 2nd purpose of the above is attained by carrying out pattern formation using 
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the above-mentioned projection lens which had an aberration property adjusted based on 
aberration measured using an above-mentioned method. Or effect affect a size of a mask top 
pattern of aberration measured using an above-mentioned method or location fluctuation is 
predicted, and it is attained by carrying out pattern formation using a mask which amended this 
beforehand. 
[0014] 

[Embodiment of the Invention] (Example 1) The exposure imprint of the halftone phase shift mask 
(6% of permeability of the halftone section) which has eight square shape patterns in opening was 
carried out on the substrate which formed the resist film by various light exposure using the KrF 
projection aligner. Next, the light exposure in which the halftone protection-from-light section side 
of each side of eight square shapes is approached, and a side lobe appears was investigated, and 
the result typically shown in drawing 1 was obtiained. Exposure was performed in the optimal 
focus, the ratio (= side-lobe intensity ratio) of the minimum light exposure to which a side lobe 
appears in the minimum light exposure to which a side lobe appears in one side about each of 4 
sets of opposite sides of eight square shapes, and both — r (0), r (p/4), r (p/2), and r (3p/4) And the 
sequence (= side-lobe on-the-strength size relation) of appearing is summarized in a table 1. 
[0015] 
[A table 1] 











1.1053 


0.0361 




1.0769 


0.0266 


t 


1.5429 


0.1616 




1-2895 


0.0938 



[0016] Oh the other hand, producing the asymmetry of a side lobe according to comatic aberration 
is known. Here, supposing the term (here, this term will be called the 5th comatic aberration 
below) in which aberration has the property of 3theta among the 3rd comatic aberration and the 5th 
aberration is dominant, wave aberration W (r, theta) is expressed with a degree type. However, r is 
the radial coordinate (a pupil radius is standardized by 1) of a pupil, and theta is the angle (radius 
vector) directioa coordinate of a pupil. 

[0017] W(r, theta) = al r3 cos (theta) +a2 r3 sin (theta) +a3 r3 cos(3theta)+a4 r3 sin(3 theta) « f 
(theta) On r3 pupil, aberration changes to radial by cube of r in every direction of radial. It turns 
out that the amount f of wave aberration (theta) in the edge (r= 1, overall diameter portion) of a 
pupil is dependent on a direction (angle theta). Here, if the sufficiently large size of eight square 
shapes is taken, since it can be considered substantially that each of the opposite side of eight 
square shape patterns is an about 1 -dimensional pattern, side-lobe asymmetry is determined by 
only the amount of wave aberration of each opposite direction (therefore, the maximum f (theta)). 
Then, drawing 2 asked for the relation of the amount of maximum wave side gaps by the comatic 
aberration in an opposite side side-lobe intensity ratio and its direction (value of the aberration in a 
pupil edge) by the simulation. Amount of maximum wave side wave face gaps f (0) to each 
direction from a side-lobe intensity ratio [ as opposed to each opposite direction by using this 
relation ], and f (p/4), f (p/2) and f (3p/4) It asked. However, suppose that the sign of the wave face 
gap to the direction concerned is decided with the sense of the strength of a side lobe. Moreover, it 
depends for the relation of drawing 2 on lighting conditions (space degree of coherence), mask 
conditions (permeability of the halftone section), etc. of the aligner to be used. Therefore, it is 
desirable to use the optimal relation according to these conditions. 

[0018] Next, f (0), and f (p/4), f (p/2) and f (3p/4) for which it asked in the top It received, the 
following equations were solved and the 3rd comatic-aberration coefficients [ 5th ] al, a2, a3, and 
a4 were determined. 
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[0019] al cos(O) + a2 sin(O) + a3 cos(3*0) + a4 sin(3*0) = f(0), al cos(p/4) + a2 sin(p/4) + a3 cos 
(3*p/4) + a4 sin(3*p/4) = f(p/4), al cos(p/2) + a2 sin(p/2) + a3 cos(3*p/2) + a4 sin(3*p/2) = f(p/2), 
A result is shown in al cos(3p/4) + a2 sin(3p/4) + a3 cos(3*3p/4) + a4 sin(3*3p / 4 = f (3p/4) table 
2. The result of having performed the projection image simulation of eight square shape, patterns is 
shown in drawing 3 using the aberration coefficient for which it asked. The experimental result 
was reproduced almost correctly and it checked that the called- for aberration coefficient was 
appropriate. 
[0020] 
[A table 2] 





a 2 


a 3 


a 4 


•0.0057 


0.1234 


0.0418 


-0.0382 



[0021] (Example 2) Semiconductor integrated circuit equipment was manufactured using the 
aligner which has projection optics different from an example 1. Here, only paying attention to a 
**** production process, it mainly describes to this invention. The substrate interlayer insulation 
film etched by having used as the mask the resist pattern formed on the substrate which has a gate 
film and a resist film on the surface by etching a substrate gate film by using as a mask the resist 
pattern which carried out the exposure imprint of the straight line-^like gate pattern 1, and was 
formed, carrying out the laminating of an interlayer insulation film and the predetermined resist 
film for the gate processing and after that, carrying out alignment of the contact hole pattern 2 to 
the above-mentioned gate pattern, and carrying out an exposure imprint, and the contact hole 
processed. Some of plans and cross sections of a device which were formed are shown in drawing 

4* 

[0022] Especially drawing 4 (a) is the plane and cross section having shown typically the device 
configuration formed without adjusting to optical system. Since the imprint location of a contact 
hole 2 and the imprint location of the gate 1 shifted sharply relatively and this discrepancy and 
direction were further changed sharply in the exposure field of a chip, it was difficult to obtain a 
desired device function. Then, the same measurement as an example 1 was performed to the 
above-mentioned projection optics, and the result of table 3 upper case was obtained. Furthermore, 
the projection lens was adjusted based on this result. In addition, said gate 1, the gate insulator 
layer 3 and the source field 4, and the drain field 5 are formed in the active region of the 
semiconductor substrate 7 (it consists of silicon) divided by the isolation insulator layer 6 (for 
example, it consists of silicon oxide), and a contact hole 2 is formed in the insulator layer 8 
(silicon oxide) prepared on the gate 1. The gate 1 shown here has the poly metal structure where 
the laminating of a polycrystalline silicon film, a CHITSU-ized tungsten (NW) film, and the 
tungsten film was carried out one by one, and the insulator layer 9 (SHIRIKONCHITSU-ized film) 
is formed in the side wall. 
[0023] 
[A table 3] 

S3 







a 2 


a 3 


a 4 


SN.tt-tt 


-0.1015 


•0.0568 


-0.0495 


0.1088 




-0.0057 


0.0098 


-0.0201 


0.0153 



[0024] The again same measurement as an example 1 was performed after adjustment, and the 
result of the table 3 lower berth was obtained. It was checked that aberration had been reduced by 
this. Furthermore, semiconductor integrated circuit equipment was manufactured using the 
projection aligner which has a lens after adjustment. Drawing 4 (b) is the result same [ at the time 
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of using the lens after adjustment ]. By performing adjustment based on the measurement result of 
an example 1, it became possible to control the above-mentioned amount of gaps sharply. It 
became possible to manufacture the semiconductor integrated circuit (equipment which has a good 
electrical property by this by the high yield. 

[0025] (Example 3) The method of the above-mentioned example 2 was applied to the projection 
lens of further others. However, it was difficult to fully reduce aberration also by adjustment of a 
projection lens. Then, the aberration which remains after adjustment was measured all over the 
exposure field (it depends for aberration on the location in an exposure field), and the effect which 
does to the device pattern was predicted using the simulation. Next, based on this prediction, the 
pattern location on a mask was amended depending on the location in an exposure field. The 
drawing location amendment function of mask drawing equipment was used for amendment of a 
location. 

[0026] Furthermore, amendment of a mask pattern size was also performed to the very detailed 
memory pattern of a memory IC. It is because the size of a pattern does riot become as layout 
according to aberration. Several sorts of memory cell patterns amended by the magnitude and the 
sense of aberration the optimal are prepared, and the optimal eel was arranged according to the 
location in an exposure field. It became possible to form a semiconductor integrated circuit pattern 
in the precision demanded also when aberration remains by this example. 

[0027] (Example 4) This example describes the decision method of the aberration by the option. A 
fundamental view is described first. Suppose that wave aberration W is expressed by the sum of 
the following polynomials. 

[0028] W(X, Y) = al Wl (X, Y)+ ... The coefficient of the j-th term of aberration, and X and Y of 
+am Wm (X, Y), however aj are the coordinates on a pupil. It says [ determining aberration ]. It is 
exactly calculating aj. Goherent image amplitude distribution u in this case (x y) It is given by the 
degree type. 
[0029] 

u(xy) = mask (x y) (X) psf (x y) = mask(x y) [P (X, Y), exp (X) F (-i- (al Wl (X, Y)+ ...)) + am 
Wm (X, Y)] = mask(x y) [P(X, Y) - (X) F (1-i- (al Wl (X, Y)+ ...)) [ +] am Wm(X, Y)] = uO (x y) 
-i-{al mask(x y) (X) F [Wl (X, Y) P(X, Y)]+... + am mask (x y) (X) F [Wm (X, Y) P (X, Y)]} 
However A (X) B is the convolution integral (convolution) of A and B, and F [C]. The Fourier 
transform of C, For mask (x y), complex amplitude permeability distribution of a mask and psf (x 
y) of a point spread function and P (X, Y) are [ a pupil function and uO (x y) ] the coherent 
amplitude distribution at the time of aberration 0 (=mask (x y) (X) F [P (X, Y)]). In addition, it sets 
from the 2nd line to the shift to the 3rd line, and is al Wl (X, Y)+... +airi Wm (X, Y) It 
approximated by assuming that a value is sufficiently small. From a top type Du(x y) = u(x y)-u0 
(x — ) y) = SI al+S2 a2+ ... +Sm amSj — i-mask (x y) (X) The image amplitude u of a pattern 
projection image (x y) is investigated at n points on F [P (X, Y) Wj (X, Y)] mask. If the difference 
Du (x y) with the ideal value uO (x y) is searched for, n linear equations which have m unknowns 
al, a2, am will be made. Solution Lycium chinense can determine each aberration coefficient 
al, a2, am for this. 

[0030] A concrete procedure is shown below. First, to n points on the given mask pattern, the 
optical reinforcement I in each point is measured, the square root is taken, and the amplitude 
absolute value u is calculated. Under the present circumstances, it is desirable to use the high 
lighting conditions of spatial coherence as much as possible. Vector U= which calculates the ideal 
amplitude value in above-mentioned each point using a simulation, and, on the other hand, uses 
the difference Duk (k= 1, n) of the value of the above-mentioned amplitude measurement 
value, and ideal amplitude value in each point as a component [ul, un] t is created. (However, 
Vt expresses the symmetric matrix of Matrix V.) The j-th term of aberration when assuming wave 
aberration by the above-mentioned polynomial (j= 1, m) It receives arid is complex amplitude 
permeability distribution of F [P (X, Y) Wj (X, Y)] and a mask pattern. The convolution of mask 
(x y), The value in the k-th point on a mask (k= 1, n) is calculated, and it is referred to as Tjk. 
Namely, Tjk = mask (x y) (X) F [P (X, Y) Wj (X, Y)] (@ x=xk, y=yk) This is calculated to all 
point of measurement and all aberration terms, and it is matrix T =. [Tjk] It makes. Next, vector 
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A= which fills the following linearity simultaneous equations to Matrix T and Vector U It asks for 
[al, am] t. The j-th element of A is the coefficient to the aberration term corresponding to the j- 
th train of Matrix T for which it asks. 

[0031] U = T A — it is so desirable that it is desirable that it is larger than the arity m of aberration 
as for several n point of measurement and there are here. [ many ] In this case, the most 
appropriate solution over Vector A makes |T A-U| min. This problem can be easily searched for by 
using the so-called technique of singlar- value-decomposition. 

[0032] In fact, it may often be difficult to measure the absolute value of optical reinforcement. In 
this case, a problem can be transformed as follows. The ratio of the optical reinforcement [ in / two 
Pk(s) and Qk(s) (k= 1, n) are chosen, and / Point Pk ] of the n-tuple on the given mask pattern 
and the optical reinforcement in Point Qk is measured, the square root is taken further, and it asks 
for the ratio rk of both amplitude absolute value. Vector R= which uses the above-mentioned gain 
rk (k= 1, n) in the point pair of the above-mentioned n-tuple as a component [rl, rn] t is 
created. The value of TPjk in [ as opposed to / on the other hand / the term of the k-th above- 
mentioned point pair (k= 1 n) and Aberration j (j= 1 -> ™) ] Point Pk, and value of TQjk in 
Point Qk It calculates. This is performed to all point pairs and aberration terms, and matrix TP= 
[TPjk] and TQ= [TQjk] are made. Next, to Matrices TP and TQ and Vector R, the following 
linearity simultaneous equations are solved and it is vector A=. It asks for [al, am] t. However, 
uO is the value of the coherent amplitude in each point when using ideal optical system. 
The j-th element of TP-A-TQ-A-Rt = uO A (Rt-1) is a coefficient to the j-th aberration term. Also 
in this case, as for the number of the point pairs measured as much as possible using the high 
lighting conditions of spatial coherence, it is same that it should take more mostly than the number 
of the aberration terms to search for. Moreover, the optimum solution of the same is said of the 
ability to ask by using the technique of singlar- value-decomposition. 

[0033] (Example 5) Based on an example 4, the example which determined the coefficient of the 
4th same aberration term as having stated to the example 1 using the hole pattern on a halftone 
mask is described. 

[0034] First, coherent image uj(x y) = mask which makes each aberration a substantial pupil 
function to the hole pattern on a halftone mask (x y) (X) F [P (X, Y) Wj (X, Y)] is calculated, and 
the angular dependence vl of the side-lobe amplitude in each (q), y2 (q), v3 (q), and v4 (q) are 
calculated. Next, side-lobe reinforcement is measured at four angles of arbitration. For example, 
when light exposure is increased, it asks for the angles (angle of = side-lobe on-the-strength min) 
q4 and E4 of the portion to which all the perimeters of a hole pattern are connected with q3, E3, 
and the last in a side lobe in the angle in which a side lobe appears first, the angle to which a side 
lobe appears light exposure in ql, El, and a degree, the angle to which a side lobe appears light 
exposure in q2, E2, and the third, The side-lobe reinforcement ul, u2, u3, and u4 in each angle can 
be found from the inverse number and the so-called threshold reinforcement (light exposure from 
which the resist thickness in the large area opening pattern after development is set to 0) of El to 
E4 The coefficients al, a2, a3, and a4 for which it asks solve the following simultaneous 
equations, and can be found. 
[0035] 

al vl(ql)+a2 v2(ql)+a3 v3(ql)+a4 v4 (ql) = ul-uOal vl(q2)+a2 v2(q2)+a3 v3(q2)+a4 v4 (q2) = 
u2-u0al By the vl(q3)+a2 v2(q3)+a3 v3(q3)+a4 v4 (q3) = u3-u0al vl(q4)+a2 v2(q4)+a3 v3(q4) 
+ a 4 v 4 (q4) = u4-u0 method The result almost equal to an example 1 was obtained. 
[0036] The above-mentioned hole pattern may use a square pattern, when a size is sufficiently 
small (when the pattern after an imprint can specifically consider substantially that it is circular). 
When using a bigger pattern than this, it is desirable to consider as the circular or nearest circular 
possible polygon. 
[0037] 

[Effect of the Invention] As mentioned above, when the property of the projection lens used in 
case a pattern is formed on the above-mentioned substrate by carrying out projection exposure of 
the light which passed the mask which has a circuit pattern on a substrate through a projection lens 
according to this invention is measured, The optical reinforcement of the projection image of n 
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points that the patterns which exist in the isoplanertic field which is going to measure the above- 
mentioned property on a mask differ is measured, n simultaneous equations which make an 
unknown the weighting factor of m pieces to m known wave aberration functions (m<n) can be 
correctly asked for the aberration coefficient of the m above-mentioned pieces by solution Lycium 
chinense. Furthermore, the circuit pattern of a semiconductor integrated circuit can form with a 
sufficient precision by predicting the effect affect the size of a mask top pattern, or location 
fluctuation based on the property of the projection lens for which carried out in this way and it 
asked, using the above-mentioned projection lens which had the aberration property adjusted based 
on the property of the projection lens for which carried out in this way and it asked, and carrying 
out pattern formation using the mask which amended this beforehand. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
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[Bill] imnft&M.<D%&7kW. : &cotz!sh. timtryf 
M&.nffi&B&M'feL, m (m<n ) aRftaftBiR 
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Jt*>£, n*§coS:fcfrS:£ J: 9, m (m< 

n) W(D±mt^&®£&#>zzbZftmb't&m-»m 

[ fit 3 ] ±IB n ifflcosi, ^ t=¥fr*»o*tlWrx -y it 

c7)«-fflT-$> o , ±158 nmco 4 mnttimmmcifaijfi!] 

(nme=0. P/4, p/2, 3p/4) K*fLT— -HiiZ-^rA Ko 

s-r&gftsoit r ( <? ) *^±ie*r6i^^i,^®iR 

SOi^If (6>) WTOg:£:SrfS;>££jS?<,r 
i:^«fc 0±ie^l^>'^4o<55rJVIR||^aK a2, 
a3, a4£#i6S£fc£#®fc^&W;£«2fe^&f^ 

al WH60 + a2 W2(<9) + a3 W3(<9) + a4 W4(<5>) = f 

{&) (6>=0, p/4, p/2.3p/4) 

Wl(<9) = cos(<9) 

W2(<9) = sin(<9) 

W3(<9) = cos( 3<9) 

W4(<9) = sin( 30) 

[ 5 ] ±ieif *^ 1 T^flf 3 OMil*Hzfe® 

mm v yxcDiRmm^m zm^^xMMz ntzu&co 

[ f**JS 6 ] ±teti*iB 1 ^>^tf 3 coWiaHcKK 



8IU Ztl£$>t>frtibmjELtzZ£$:1&WLt-r&-?x 
[000 1] 

wommxn. ^zmw^-xmmzm^^tth^t 

[0002] 

tLX imw JRH^'+^tC/jN $ =5: miff R4HK?gfcWil v > 
I) i: IPISK t L < ti-f-tLl^TtfO^&coiUg&y 

mnmtK tm^yxizm^^mtmizj: i&it-t 
&ztimmt&-*x%tz. z\tit>$miS(Mit&Bu> 
xcomg^co^^aRt/^jomizm^^mm.mmizj: 
Kukt&hnx-ZE&zQt-r&ztimmx'&z. l*> 

j'tf-ymfezffitz-rizi^ ts^uyxcowHsM/mm 
zmm&itLxmm>8.mm.s:-i-ft<,z$ix_&i)K xaqm 

•t2>Z\blz£K>tt%ct&Zti) i i&mT$>&. ZO^-fti 

zwjz-t&tzib. m&WFizjjkt x o ttmtm 

[ o o o 3 ] m i iz. u^xgmijmx'izTmmiz * 
K>tewwM:£m.mtm-?z>z\ttf s 'fTi>tix^2>. l&l 

*mtmm\B]Mmxmtk&i'>x&mfe*im% 
^mntmiibx»mx'h o . ^mmitmubxm^ti 

[0004] — esft. ig&ziaz&toiir?—? w 

—y (^h«P&#-y 7 X4 ? xw.) zm^x&W. 

-rtizMfc-r&ztizzozi'riB.mzmm-t&xmtim 

mZtlX^htf. d«0*-jST-aO^T-§SOJS3<^rJVJR 
m<VMffi1jft^0)&!gcr>*-X'fo&. isir£~?—7<7>im. 

— t<>7 XT' x^.b°— T-f-f- ^3334^, 

y'T-jfiji- mwr^yj— xi, (1998 

^) , SI2 9 7IKS3 08I (Proceedings ofSPI 
E. Vol. 3334, Optical Micro lithography XI, (1998) 
PP. 297- 308) ICffcL ^ftTUS. 
[0005]$^lC, 8ftiA-7h->7X^^fflU 
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£G-?&<>\-y h—y-?x7<7)^ fflnommiz-tj ho 
omm^. 3i%=i'?WMzmttz>. y N _ 7h _ >{a 

-f&ffi^^rj . 3 81 (t-fiy77t-7Atfl, 

1 9 9 4^) (C, ^^t=Clix$rffl^7t:3<J:r?-7JR||jpj^ 
[0006] 

- ywmwtizf? o TSf? n-^ _ y 

<59-3^ W@ ^Tf6)tC3<9^fic^'f4^^--r^^ 

[00 0 7] t^L&rt*^ fii*. ±iev^-mo^ra^ 

mztt-$- h msteim >r t &mmx't> x. 
nmnmsz^?- y^zRii'-t^^m Lzcoftfg 
x&z ttfx'Z-t. mmt Lxzmtmmmffimwn®. 
fig. mmzg-itz zcom&iz&if&it^-tvz 

[0 0 08] ^BJf^ fSffi&:fri££ffltvC, ISt&h-y 
XcOlRH$r^J; < & 2ri££Stt-r&<ri:£SFll 

oewt-r-&. #tc^A®ispsp^#-rs^-7 h-> 

[0009] 

«<7>:7t3$S£$l5£ U m (mlinJilT) Ogt*0<7)&® 
[0 0 10] ^ C T_L!£?fc5£fil i: L T <3\ ^-^h-^ 

xm^^m^AX'm^zmmttiwjx bmizmftfc 



nm<vm±*n&zM<ztizj: ^±mm\s>xa>, 

m (mlinWF) mcDI\m&%t$:J!<)it>hZk&X-%& <> 
[00 11] Zt>lzMftmzl^ nm<7)£.\,Hz2Fftfr^> 

(ft&e, e=e\. 02 e«) tiftt-^t 

A \ i n-y'ff5im-thm%M.ti>o-Wzi>*rj Kn- 

m< ztizx y )±iitstmuyxcr>mmmsi\nmi {e) 

< i= l ">) ^^^.f^fiCai (M, .... m ) £$y> 

hZ£tfX-%h. 

[0 0 1 2] al Wl(<9) + a2 me) + .... + an Wm 
(<9) = f(^) (^=^1, ^2 ^m) 

&ZttfX'*h. 

[ 0 0 1 3 ] X. ±E^2cogW«i, ±ia*a^ffl^-c 

is>xzm^x^?->Bm-&ztiz£iomm.zti 
J*-?- y^mximm^mizR^-tmw^m l . ^ 

ti% h l>fr tibffllE Ltz -?x? Srffiv \x^ 9 — 
Z>Ztlz£K>Ml&.ZtiZ„ 
[0014] 

nmzi,u\-y \—>ffi&isy y~?x? (>\—yy- 

m«tcn%m.X'\s i;x vrnzmtfL LtzmwLt^^m^ 
(mzrp-tmg: zntz. mmzmmM£jz& ^xn-oti. 

8ftBc04m<r>Mfam.v>%.* tz-oKiX . —Jjizy-J Ho 
-7<7)\HM-thWfbmytm,kffimzy-<< ^a-ycDmm 
-? &M'hmftSL<7)tt ( =1f^ Ho— 7l£Kit ) r(0) . 
r(p/4). r(p/2K r (3p/4) S.l/aiS-rS>lS ( =4-4 

h o- t^^/Jnm^ ) &m nz z t #>h . 

[00 15] 

imi ] 



'(4) 000 



*1 











1.1053 


0.0361 




1.0769 


0.0266 


t 


1.5429 


0.1616 




1.2895 


0.0938 



[ooi6] — im Fn-7<vifflwmi^~?i8.m: 

\,Zi: ] 0£.lhZttf i %lhtiX^h. ZZX\ iRH#*3& 
Or» vJim&.tf 5 ifc?)JK^> 3 3 ecr>%m&%}-? &m 
(ZZX'ii. £XT Z^iMZ 5 ftcoa tv$MZ.t<,z 

■r* ) ti&smchi t t * msir^iw < r , e ) 
ji^x'^^ix-s.. fit. r imco^mjjftmm m 

[0 0 1 7] W( r, 0) = al r 3 cos(<9) + a2 r 3 sin 
<<9) + a3 r 3 cos(30) + a4 r 3 sin(3<9) = f(<9) r 3 

HSftTSHfcU e^X-y^' ( r = 1 . &J3mtt) ti3 
ft & $c®lR^fif ( <9 ) OiXmsfa jg<9 ) Ktfc^-f & d 
ttfbfrZ. ZZX\ 8Af^^$:+^# < h 

#fi:frr6]C9i£r5iK:g* (ft.iXZcoEckmi(&)) co*- 
IzX K)ik%.2tl&. ZZX'lsS. aU- ^aVtciO. *f 

«fc & g^ffi-m* ( fix . y y'fc: tj tt & iRHcoffi ) ogg 

\%*i$.thtzcn>tim 2x-hh. z com&zmi ^ ztizx 

&&*teffi$ffl-?ii&f (0) » f(p/4). f( P /2), f 
(3p/4) flU 1M Y^t-ycrmMco^ 

[ 0 0 1 8 3 ftC ±.X-$Ubtlf (0) . f ( P /4) , f (p/2) . 
f(3p/4) £#LT£lT<9;fr^$-fi?vvc, 3&&IX5& 
OrJVlRgfigfcak a2. a3 v a4£i*5£L*:. 

[ 0 0 1 9 ] al cos(O) + a2 sin(0) + a3 cos(3*0) + 
a4 si n (3*0) = f (0) . 

al cos(p/4) + a2 sin(p/4) + a3 cos(3*p/4) + a4 sin 
(3*p/4) = f(p/4). 

al cos(p/2) + a2 sin(p/2) + a3 cos(3*p/2) + a4 sin 
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(3* P /2) = f (p/2) , 

al cos(3p/4) + a2 sin(3p/4) + a3 cos(3*3p/4) + a4 
sin(3*3p/4) = f (3p/4) 

s^-r. mrnm^zimjEmzwmLxts'o. 
tmimtf&^x'hz z t zmm Lfc . 

[0020] 
[f^2] 

£2 



a l *2 »3 a 4 



-0.0057 0.1234 0.0418 -0.0382 



[002 1 ] (Hi£0« 2 ) HJfifll 1 £ S'J<?>&f*5te^£ 

tt&mftmmzm^x^tm : m®&mw.zmmL 
tz. zzx'\±*muz±izm&TM<?>x.iz&m lx&^ 

h. mmiz-y-htiRtisi'xhm£iii-?&mm±t,zw& 

A7-y?:7X^ t LXTMy- hMZzz-y *f-y?LX 

vnt-v*-?*? t LxTfmts\nmmz^>y^>7 

CO— &co¥-Wm t Br® H S- H 4 (c^-T . 

c o o 2 2 ] 04 u)te%&mz*i Lxmzvmz'nfr 

K^X'&fS.Ltz'rJU ^m^iim^iZTjkLtz^mRl/ 

mmmx'h zi>?7h*-ju2 com^am. t y— v 
i com^s^n^mz^miz-rttx l * •> . z^izz 
co-tticomtjifttf?- -v TcDmytmigftx-jtmiz^mi- 
ztzto, mmcofu xmmzn&z bt^mmx-h^ 
tz. zzx\ ±asmwt&&tzjtt Lxmmm 1 mmcom 

i*»y-ne*fli3. v-xiiig4, hu^^«5« 
?>rxf-> (nw> Mstx^^^T-vjKMiiixsii 

[0023] 
(£13] 
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S3 





a l 


a 2 


a 3 


a 4 




-0.1015 


-0.0568 


-0.0495 


0.1088 




-0.0057 


0.0098 


-0.0201' 


0.0153 



[oo24] vm&t'MvnmM 1 mmcom^m^ 
m&zm^r^mmmtsii&Simzmi&Lti. 14(b) 

[0025] (mmws > ±Mmm2 oumz $ t?iz 

xi-MLtz. mzavyf-mizm-jz ^ ~?x? ±coj*?— 
^iiL&zmftmi&fiiii.Wii.zmifi.xniELtz. eiwi 

[0 0 2 6] $^>(c. jt^VgmislSZcD&bXmfflZ:* 

u(x,y) = mask(x,y) (X) psf(x.y) 

= mask(x.y) (X) F [ P(X.Y) • exp( -i 

+ am Wm(X,Y) ) ) 
= mask(x,y) (X) F [ P(X.Y) • (1- i • 

am Wm(X,Y) ) )) 
= uO(x,y)— i • ( al mask(x.y) (X) F 



* v j - yiztt lx iivx 9 j 9 — y^tm con ie t n 

gtcjCS tX fijt^-te/PSrKB-r £ X ? Ltz „ *H*fe0<I 

izx vwmmtt&w&izi>m$:Ztihmi£X'tmfc 
[0027] (hmct4 ) *mm.mx'i&. %wxmzi. 

comzx 9 t-r s. 

[00 28] W(X, Y) = al Wl(X.Y) + ... + am Wm(X. 
Y) 

fit. aj(iJRHjejJScD«iiu mmim±commx'$> 

h. ^*Tfcl£?hb^r> Zt\t ajSr^SitlcfHj 

i±i!££;X'5-tt>ti&. 
[0029] 



( al Wl(X.Y) + 



( al Wl(X.Y) + 



mu a (x) BJ4AtBcoa^a^«^ (a^aou— s^a 

V) . F(C] J4C^7— Dia. mask(x,y){i-v'X^<?5 
*JIMR«8iI*#*&» psf(x.y)«yft«#«RB!L P(X.Y) 

ftlfi (=mask(x,y) (X) F ( P(X.Y) ] ) X*$>&. 
m2ff*^SS3fir^Of^tCt>^Tal W1(X,Y) + ... + 

am Wm(X,Y) tfOffili+tf'hS <^£ <5£LTi£iEl2rfiro 

, Du(x. y) = u(x, y) -uO(x, y) = SI al + S2 a2 + 
... + Sm am 
Sj = -i -mask(x,y) (X) F(P(X,Y) Wj(X.Y) ] 
•? X? ±.<T>n®C0&X''*? — >S^«tf0»*g«iu(x, y) £ 

u^MStai, a2 am^-t ^nmcomm^m^ 

x'%h. ztizm<ztizj:<o&w.m&mai, a2 



(W1(X,Y) P(X,Y)] + ... 
+ am mask(x.y) (X) F [Wm(X.Y) P(X.Y)) > 

[0030] WFlzmftWttmZfji-t. if. t> 
tlfz-?X?^?->±.<7)nWC0£t l Ztil,X. &s$X'C0yt 

SftKIS-SdlSU *co^mzt^xm«mmimu$:3<tb 

s. zcom. x-% & f^^a\z-u>xcom\,mw3k 
m v *t Jiie#.^icfc (t & wesmo. z . #jstt=fc 1 1 

-&±l5«RlgS!l^ffi^<li:JlSi5i|Bffl<7)MDuk (k=l 

n) £j&frfc-fl><? h;WJ= [ ul un )t£ffr£ 

UIU VttifirJFiJVco^^T^iJ^^^f . ) ft 

(j=l m) l:«LTF(P(X,Y) Wj(X.Y)]i:VX 

^ >» n*^ - > 0^^*5i|sSi§*^ mask (x.yl^ay^ 

-i/a >c0. -7X^±OlSk* (k=l n) IZM-fZ 

<i2rft»:LTjki:-ri». BP*>, 

Tjk = mask(x.y) (X) F(P(X.Y) Wj(X.Y)] (§ x=xk, y= 
yk) 
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Z ft & ±X OS!l5gj£ t £T OiRH^C n L X %\% t T tr 

am ]tSr^-5. AtfO^ j fi^JTO 

[003 1 ] U = T A 

z z x-mt&m n Jtx^^st m j: 9 * § i * i t a*a a 

I T A - U I 

£S/Rr$-3k<0'C&&. dtOHSHi, Vvb»9>.g>singla 
r-value-decomposition<0^-SSrfflV->l>C: fctc «k 

[0032] H^tCJi. ^StfO^ffiSrSOS-r^^Ji 

Xoiz^mt&zttfx'^h* ^thfttz-?*-?^?- 

y±.cr>nffi?>2&Pk, Qk (k=l n) ZMX/. & 

P k iZ J t -5 JlflftK t Jft Q M= *5 » * h %8k&coit £ M£ 

u z^izznw-jmzt^xn^comm&ttmcoitr 

k£-#ilsb&. ±MZnM(r>.4ffilztilf&±.iSM$&itrk (k 
=1, .... n) £f&-ftt-th'<7b;l'R= ( rl rn 

)t£ffr£-T&. — S\ ±IESgk#ScO*J^ (k=l 

n) fcJRHj (j=l m) (OmiZttLX. j&PMzte 

(t*TPjk<?5{»i:*QkCfc{t^TQjkc7)« SrfW-T^,. Z 

ftz^xcvjimtiimmzttLxniK ffWTP=(TPj 

;UA= [ al, .... am ]t£#*b-S. fflU uOtiJIiSSfc^ 
TP • A - TQ ■ A • Rt = uO (Rt-1) 

b<F>&mm i mm&<nwMmizn^him&.x'hh . c 

<7>m-&lZ t . TS 6 tfimm 3t-l/ >^c5^V ^gggfe 

<th^x'hhzk\mmx'hh. mmmi&sin& 

lar-value-decomposition<30^S:ffl^SCl b IZ& 93< 

; t tfX'% hzh t mmx'h %> . 

[0033] 5 ) 5!;&fc0ij4 lcS-?£ . A-7h 

[0034] i-f , ^— 7 Y — ±.<F>-fr—)V^5> 

-ytzttLX. &ffmznMM%mmb-t&J:o%zi 

uj(x.y) = mask(x.y) (X) F(P(X.Y) Wj(X.Y)) 

Vl(q), v2(q). v3(q). v4 (q) $lT$itbZ> . <Xt,Z. #S<04 

^£fcSf3£*£qk El s ifcKlM Ho-7c7)fgix^^jg 



tSI3t*S:q2, E2. =#B(C1M W-7cr>WxZ>ftfe 

i:8ftfl£q3, E3, mBz^-jv^-xommt^x 

JKfi'h^JK) q4, E4$:S!l^C«k 0^^.. El*^E4c7) 
-yiz&VDsiSAbfmtfO t%hm%A) frt>&ft 

mzavh-v-4 Fa-y^jgui, u2, u3, u4*^a^,. 

*ft*«WfeaK a2. a3. a4(i/ JilTOjI&^s^Mv^ 
[0035] 

al vl(ql)+a2 v2(ql)+a3 v3(ql)+a4 v4(ql) = ul-u 
0 

al vl(q2)+a2 v2(q2) +a3 v3(q2)+a4 v4(q2) = u2-u 
0 

al vl(q3)+a2 v2(q3) +a3 v3(q3)+a4 v4(q3) = u3-u 
0 

al vl(q4)+a2 v2(q4) +a3 v3(q4)+a4 v4(q4) = u4-u 
0 

[0036] ±Mtt->l>'*?—>l±-^mi> i -\-ftsbZ\,M% 

-s- (Mimiz&mmkwf-y&m/smzpimk ^ 

ftxvjzzzc'if-y&m^&Hi'&izi*. nmi>L<iz 
hbizx'Z htfim^nmt-nztimi u^. 

[0037] 

imi<7>$hzk] *$tmz*fttf^ ww**—** 
tth^*7*m&vtz]t*tm\'>x*jrvxm6L±. 
vsamneth ztizx *)±ieMWLkiz^?-yzmf& 
^&mizm^hft&&mu>x<o<&&$:mfe-i-2>m. •? 

x ? ±co±i Sr m^. L X r> b + h T 4 V T y -Tr- 1 
y 9 tcffl&mzlf&t h i ^—v<r>mc h n m<?>M.<F>ik 
i^<95!£3£«£«!!5£U mil (m<n) OBI»ICO^®IR 

mm%&i,ztt^&mmcvn&{&&&ifc$m.b-f& nm<r>m 

iLtjm&tMK ZblZj:*). ±iemfflOlRS^®[Sr jESI 
iz&th&z btfX'£&. §^>(c. ZomzLX&tbttk 

& u >xcr>nmzm-j z nmmt stihie? fttz ±ies^ 
u>xzm^&i)\ zc^m.izLX'&tsbtiiZBi' y 

iZR&'-t&WZ^'mL . ZftZfrtyfrttbrniELfz-?* 

tzm^x^f-ymfctzzbizz.*) . ¥^*mwn] 
[Hi ] *^R<r>—mm<n^m<n—&*m^Wkj£mx- 
[03 ] *jkb«>— mmm<v®wk*7n-tifttiLmx'fo&. 

ft ■£> • 

1— K 2-ziyf? h*— yp s 3— y— 
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